Bone fractures are an important cause of morbidity and mortality among the elderly in the US. The present study assesses the possible role of a number of risk factors for postmenopausal bone fractures.
Bone fractures are an important cause of morbidity and mortality among the elderly in the US. 1 The annual occurrence of osteoporotic bone fractures is estimated as 1.3 million. 2 Fracture risk in women is more than three times that of men and increases rapidly after menopause. 3 The most common sites of osteoporotic fractures are hip, wrist and vertebrae. While the former two are symptomatic clinical fractures, the latter is usually diagnosed incidentally on x-ray films. The incidence of wrist fractures rises in the earliest postmenopausal period in the fifth decade of woman's life and they are most common until age 75 when their incidence is surpassed by hip fracture at age 75. 3 Based on these common aspects of the two fractures, they are often analysed together especially when the study population is relatively young. 4, 5 The risk of osteoporotic fractures depends on two ultimate determinants: bone strength and the risk of falling, both of which have been associated with lifestyle, anthropometric and demographic characteristics in various epidemiological and clinical studies. 6 These factors may influence the risk of fractures through direct or indirect effects on bone metabolism or by modifying the impact of physical trauma from falls. 1, 6 For example, dietary intake has direct effects on bone mineral metabolism, while a woman's reproductive history, such as her ages at menarche, menopause and parity, may have an indirect effect by determining her lifetime exposure to ovarian oestrogens. Anthropometric characteristics are also likely to be related to fall impact. Other factors, such as genetic background and cigarette smoking, may influence both hormonal and anthropometric characteristics.
In earlier studies, including several prospective studies, 4,5,7-14 associations with demographic and anthropometric characteristics have been relatively consistent. Larger body mass and African American racial background are the best established protective factors against osteoporotic fractures, 4, 8, 9, 11, 13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] while recent studies have highlighted tall stature as a risk factor for hip fractures. 10, 14, [22] [23] [24] [25] [26] 34 The role of other factors, e.g. dietary intake, cigarette smoking and reproductive history is less clear, 1 perhaps because information on these variables is subject to recall bias in case-control studies.
In order to assess prospectively the possible role of a number of risk factors for osteoporotic fractures with various biological mechanisms, we utilized the data from postmenopausal women in the New York University Women's Health Study, a long-term prospective cohort study.
Methods

Study population
Study subjects were participants in the New York University Women's Health Study, a cohort study of 15 785 women aged 34-65 who underwent mammographic screening between 1985 and 1991 in New York City (n = 14 275) or in Florida (n = 1510). Women who had neither used hormonal medications of any type nor been pregnant or nursing in the preceding 6 months were eligible. Details concerning cohort eligibility and data collection procedures have been published. 35 We collected basic information about medical, anthropometric, reproductive, and dietary factors through questionnaires self-administered at cohort enrolment (the first examination) and when women returned to the screening clinic during subsequent years of the recruitment period. In order to identify the incidence of cancer, fracture and cardiovascular diseases and to update the risk-factor information, we mailed follow-up questionnaires every 18-24 months to all cohort members after the recruitment period, as well as to those who did not return to the mammographic facility during the recruitment period. The present analysis includes follow-up to 1 August 1997 to which the overall response rate was 86%.
Among 7839 women who were postmenopausal at baseline (the first examination), 7180 (92%) completed at least one of the follow-up questionnaires which included a question on the occurrence of fracture since age 35. Since the study was a prospective cohort study, we considered fractures reported after the baseline (first) examination as incident cases. Subjects who had postmenopausal fracture before cohort enrolment (n = 773) were excluded together with those with unknown date (n = 157), because their exposure variables, such as nutrient intake, smoking, physical activity and weight, may have changed as a consequence of the fracture. A total of 6250 subjects (80%) remained in the study.
Statistical analysis
We computed each subject's number of person-years at risk as the time from the baseline (first) examination to the date of first postmenopausal fracture, death or last response to a questionnaire, whichever occurred first. We used the Cox proportional hazards model to calculate relative risks (RR) of fracture and their 95% CI. We analysed fractures at all sites as well as fractures at the hip or wrist, the two most common sites for osteoporotic fractures.
We examined dietary intake, smoking, and demographic, anthropometric and reproductive factors at baseline as exposure variables. We used body mass index (BMI = weight [kg]/height [m] 2 ) to assess the degree of obesity (overweight) independent of height. When an exposure variable was continuous, e.g. daily nutritional intake, we computed quintiles based on the frequency distribution of all study subjects. We used the statistical significance of ordered quintile variables to evaluate linear trends using 0, 1, 2, 3 and 4 as the quintile scores. For daily dietary estimates, we calculated calorie-adjusted nutrient intakes using the method proposed by Willett and Stampfer, 36 after excluding subjects with missing values for eight or more dietary items.
To select variables to be included in the final multivariate model, the following three factors were considered: (1) magnitude of the association with risk of fracture in age-adjusted analyses (P Ͻ 0.05), (2) prior knowledge to justify that a factor is an established risk indicator and magnitude of changes in other risk estimates (more than 10% of the regression coefficients) when included in the model and (3) collinearity between variables as assessed by correlation coefficients. If a correlation coefficient ജ0.8 was found, only the variable with the strongest association with fracture risk in the age-adjusted model was included, unless the other variable had strong biological basis to account for a causal association. The third component is especially important in diet assessment, as suggested by Elmstahl and Gullberg. 37 For most of the covariates studied, missing values represented 6% or lower. Exceptions were 11% and 13% for smoking and ethnicity information, which was collected by a separate questionnaire from the baseline questionnaire. Consequently, when they were included in the multivariate model, indicator variables for the unknown categories were created. The RR for these unknown categories were not significantly different from unity, indicating no substantial biases involved.
Results
During follow-up (median 8.6 years, range 0.0-12.4 years) 1025 women reported the incidence of new bone fractures. The mean age at fracture was 62.9 years, but it was appreciably higher for fracture of the hip (65.1 years), pelvis (64.6 years) and vertebra (64.4 years). Wrists were one of the most common sites with mean age at fracture of 63.2 years (Table 1) . Information on fracture sites was not available for earlier cases, which resulted in a relatively high proportion of fractures with non-specified site. Accordingly, mean age at these fractures was lower than that at fractures with known sites.
The age-adjusted RR for the characteristics of interest are presented in Table 2 . The risk of all fractures combined was significantly lower in African Americans as compared with Caucasians, and in women who tended to be overweight, as measured by BMI. The risk of fractures increased with increasing body height and number of cigarettes of current smoking per day. There were no associations with any of the reproductive history variables and body weight itself. When fractures were limited to those at the hip and wrist, the associations were very similar to those observed for all fractures combined. The strength of the association tended to be more pronounced, although the statistical significance of the tests was generally reduced due to the smaller number of cases.
When individual intake of the selected nutrients was considered with energy-adjustment (Table 3) , total carbohydrate intake was inversely associated (14% decrease in the highest quintile) and total fat intake positively associated (23% increase in the highest quintile) with the risk of all fractures combined. No associations were found with total energy, protein, calcium or fibre intake. The positive association with total fat intake was also marginally statistically significant for fractures at the hip or wrist.
We considered race, height, BMI, number of current cigarette smoking and fat and carbohydrate intakes for the inclusion in the multivariate model. When correlations were examined among nutrients, there was a strong inverse correlation between total fat and carbohydrate intake (r = -0.84). Because the association with fracture risk was stronger for fat than for carbohydrate in univariate analyses and because the association with carbohydrate was not clear for hip and wrist fractures, only total fat was included in the model. In addition, age was added in the model since it was an established risk factor and since its inclusion changed the regression coefficients of fat intake, height and cigarette smoking by more than 10%. As shown in Table 4 , the associations of fracture risk with black race, BMI, body height and fat intake remained statistically significant in multivariate analyses, whereas the association with number of current cigarette smoking per day was no longer statistically significant. When the same analysis (excluding race) was repeated for African Americans and Caucasians separately, the results were virtually the same for Caucasians. Among African Africans no significant associations were observed, although the association with cigarette smoking was stronger than for Caucasians (NS). These results should be cautiously interpreted due to the small number of African Americans.
Discussion
Nutritional intake has been considered to play an important role in maintaining bone mineral density. Particularly, calcium has been a centre of interest because of its known biological role in bone maintenance. Although some clinical trials using therapeutic doses have demonstrated a beneficial effect of calcium supplementation on the maintenance of bone mineral density, [38] [39] [40] the majority of the epidemiological studies, including the present one, have not shown that higher calcium intake within usual dietary levels is protective against osteoporotic fractures. 5, 12, 13, 23, 27, 28, 31, 32, 41 Although no other nutrient intake in adult years has consistently been associated with osteoporotic fractures, our study suggests that fat intake may increase the risk of fracture among postmenopausal women. Diets high in fat and sucrose are known to induce hyperinsulinaemia 42 which leads to hypercalciuria, hypermagneciuria, and a negative calcium-magnesium balance. It has also been postulated that a high-lipid diet decreases the efficiency of calcium absorption, since fatty acids form soaps with calcium in the intestine. 43 Experiments in ovariectomized rats fed with a high-lipid diet showed a reduced mucosal transference of calcium in all parts of the small intestine. 44 In another study, rats fed with a high-fat-sucrose diet had a significantly smaller sixth lumbar vertebra (L6), a smaller cortical shell in the femoral neck (FN) and lower mechanical properties (e.g. load, energy and rigidity) at both L6 and FN than rats fed with a low-fat, complex-carbohydrate diet. 45 High dietary fat intake among calorie-restricted animals resulted in lower bone mineral contents at the distal femur. 46 In postmenopausal women, total fat intake was shown to be negatively correlated with bone mineral density in the lumbar spine and distal radius. 47 In addition, a high fat diet is correlated with dietary intake of retinol, which is known to be a stimulator of bone resorption. 48 A recent study from a Scandinavian country demonstrated that dietary retinol intake was negatively associated with bone mineral density and positively associated with risk of hip fracture. 49 Although it has been suggested that cigarette smoking results in lower bone mineral density 50, 51 by reducing cumulative exposure to oestrogens via accelerating natural menopause, 52 modifying oestrogen metabolism 53 or decreasing body weight, 54 the findings on cigarette smoking and risk of osteoporotic fractures have been inconsistent. However, a recent metaanalysis including both cohort and case-control studies suggests that cigarette smoking increases the risk of hip fracture among women aged у60, but not in women Ͻ60. 55 Although our study did not confirm an association with smoking in the multivariate analysis, the difference may be attributable to the relatively younger age of our study population.
In our data, body height was strongly related to the risk of fractures, especially at the wrist and hip. Case-control studies both in women 22, 23 and in men 24 have found that cases with hip fractures were taller than matched controls. Prospective studies among US registered nurses 10 and male health professionals 34 reported a doubling of the risk of hip fractures among the tallest group, as compared to the shortest. Very similar results to ours (RR = 3.71) were reported in a cohort of 50 000 Norwegians, in which the RR for hip fractures was 3.62 among women taller than 170 cm, as compared to those under 155 cm. 25 The risk of fatal hip fractures was also positively correlated with body height in the Norwegian cohort 26 and the incidence of hip fracture was higher among women who were tall at age 25 in a white US cohort. 14 Body height is an important determinant of the length of the hip axis, which is positively associated with the risk of hip fracture. 56 In addition, fall height increases with LIFESTYLE MEASURES AND POSTMENOPAUSAL BONE FRACTURES 87 increasing body height, resulting in greater potential energy associated with falls. 57, 58 The inverse association of relative body weight with risk of hip fracture is a consistent observation in both casecontrol [22] [23] [24] [27] [28] [29] [30] [31] [32] [33] and prospective cohort studies. 4, 8, 9, 11, 13, 25, 26 Body mass reflects both fat and fat-free (muscle and bone) masses and both have been positively associated with bone mineral density. 19, 59 Muscle as well as adipose tissue increases total body weight thus increasing the weight-bearing stress on bone that may stimulate bone remodelling and preserve bone minerals. 60 While fat and muscle are a major source of oestrogens in postmenopausal women through the peripheral LIFESTYLE MEASURES AND POSTMENOPAUSAL BONE FRACTURES 89 aromatization of precursor androgens, 61 they also provide a cushion during a fall. Among elderly fallers, the risk of fracture has been reported to be lower in those with a larger body mass. 57, 58 Our observations that the risk of fractures is about half as high in African Americans as in Caucasians is also in agreement with observations that age-specific incidence rates of hip or osteoporotic fractures in black women are about half as high in white women. [15] [16] [17] A limitation of the present study is the potential for misclassification of the outcome of interest as well as misclassification of other risk factors due to measurement error in the questionnaires. Although it has been reported that the accuracy of self-reported fractures is excellent, 62 and although our study subjects were a relatively well-educated population, misclassification of other orthopaedic conditions as fractures is still possible. On the other hand, asymptomatic osteoporotic fractures, such as those common at the vertebrae, may not have been reported. 1 These misclassifications may have resulted in biased RR estimates. However, the magnitude of such misclassification is likely to be small because the incidence of total fracture in our cohort, 2.16 per 100 person-year, is within the range of the incidence previously reported for women in similar age groups, 17, [62] [63] [64] [65] We also acknowledge some degree of misclassification in fracture sites, although our results for the wrist and hip, which characterized osteoporotic fractures more clearly, generally support the validity of the classification.
A further problem with our study concerns the limited information on physical activity, which has been shown to have a protective effect in other studies. 13, 14, 24, 28, 31, 32, 66, 67 An indirect measure of physical activity in our study, total calorie intake, did not show any association with risk of fractures. Adequate adjustment for more direct physical activity measurements may have altered the risk estimates to some extent. Furthermore, it should be noted that our questionnaire did not cover the circumstances in which fractures occurred, so that we were unable to exclude high trauma fractures commonly associated with vigorous physical activity or motor accidents, which would bear little relation to osteoporosis.
Selection bias may also be a critical factor in this study. First, our study subjects were participants in mammographic examination, were relatively well educated and were mostly Caucasian, so they did not represent a random sample of the general population. Participants in cancer screening tests are likely to be more health conscious than the rest of the population, as has been observed in other studies. 68, 69 Second, women who returned the follow-up questionnaires were also self-selected. Therefore, caution needs to be exercised in generalizing the results. In addition, because women who did not respond are more likely to be ill or deceased (possibly from hip fractures) and because of the exclusion of women who had prior postmenopausal fractures, the incidence rate of fractures may be underestimated.
Despite the limitations discussed above, the present study provides an indication that a diet rich in fat may moderately increase the risk of fractures in postmenopausal women, while offering further evidence that obesity, short stature and African American ethnicity are protective. index or fat intake were excluded. b Indicator variables for missing race and missing smoking status were included in the model in addition to the variables in the Table. c P-values for trend except for race.
